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BACKGROUND OF THE INVENTION 
Field of the Invention 



5 The present invention relates to a digital signal processor capable of efficiently carrying out the 

arithmetic or interruption processing mainly of successive signals at a high speed through a small number 
of steps. 

Description of the Prior Art 

10 

Fig. 1 is a block diagram showing the constitution of DSSP1 (Digital Speech Signal Processor 1), 
namely, an exemplary conventional digital signal processor, "A High-speed VLSI Signal Processor with 
Normalizing Floating-point Systems", the proceedings of the annual communication Symposium of the 
Institute of Electronics and Communication Engineers of Japan (IECEJ), 1986, Japan. 

is Shown in Ftg. 1 are program counter (PC) 1 internally provided with a stack for instruction address 
control, an instruction mask ROM 2 storing microinstructions, an instruction register (IRO) 3 for receiving 
one microinstruction provided by the instruction mask ROM 2 or one external microinstruction every 
machine cycle, an instruction register (IR1) 4 for receiving only the bit field requiring decoding included in a 
microinstruction given to the instruction register (IRO) 3. an instruction decoder 5 for decoding the 

20 microinstruction given to the instruction register (IR1) 4, a program bus (P-Bus) 6 for distributing 
microinstructions to the functional units, a register (Bl) 7 which receives immediate data (18-bit width) 
included in a microinstruction provided on the program bus (P-Bus) 6 and applies the same to a data bus 
(D-Bus) 8 (18-bit width) for internally transferring data obtained by operation, a register (AM) 9 which 
receives an address mode instruction of data memory through the program bus (P-Bus) 6, a register (AD) 

25 10 (4w x 16-bit width) for holding address pointer information for generating an indirect address, a page 
register (PR) 1 1 (3-bit width) which specifies the page in an external data memory, an address computation 
unit (AAU) 12 (9-bit width) capable of simultaneously generating three addresses at the maximum, an 
address register (ARO) 13, an address register (AR1) 14, an address register (AR2) 15, an address selector 
(RAS) 16, a loop counter (LC) 17, a status register (SR) 18 for indicating the operating mode and status of 

30 the processor, a DMA control unit 19 for controlling the direct data transfer between serial I/O ports (SI0V1, 
SO0/1) 32 and an external data memory, an address register (AR) 20 for holding addresses of 12-bit width 
to be given to an external data memory, a dual port internal data memory (20-RAM) 21 of 51 2w x 18 bits 
capacity capable of simultaneous read and write of two data, a register (DPO) 22 for holding input data of 
operand, a register (DP1 ) 23 for holding input data of operator, a multiplier (FMPL) 24 for multiplying the 

35 floating point of 12E6 bit format, a register (P) 25 for holding the results of operation of the multiplier 
(FMPL) 24, a selector 26, a selector 27, a floating-point arithmetic logical operation unit 28 mainly for 
carrying out the floating-point operation of 12E6 bit format accumulators (ACCO to ACC 3) 29 of 4w x 18 
bits for holding and accumulating the outputs of the floating-point arithmetic logical operation unit (FALU) 
28, a data register (DR) 30 connected to the data bus (D-Bus) 8 to temporarily hold data to be read from 

40 and to be written in an external data memory, a read/write control circuit (R/W Cont) 31 for reading data 
from and writing data in an external data memory, serial I/O ports (SI071, SO0/1) 32 for full-duplex two- 
channel data transfer with external devices, an interrupt control circuit (tnt Cont) 33, an external data 
memory bus control circuit (Bus Cont) 34, a clock control circuit (CLK Cont) 35 for controlling internal 
timing, and a selector 36. 

45 Fig. 2 is a time chart of assistance in explaining the microinstruction execution sequence of the digital 
signal processor DSSP1 shown in Fig. 1. Shown in Fig. 2 are cycle timing 40 consisting of four phases of 
clocks, fetch stage timing 41 showing stages of the address output of the program counter (PC) 1 and the 
microinstruction input of the instruction register (IRO) 3, decode stage timing 42 of decoding the input 
microinstruction of the instruction register (IR1) 4 by the instruction decoder 5, timing 43 of updating the 

so address computation unit 12 in the decode stage, timing 44 of operation of the floating-point multipfier 
(FMPL) 24, timing 45 of operation of the floating-point arithmetic logical operation unit (FALU) 28, timing 46 
of transferring data through the data bus (D-Bus) 8 between the registers, and timing 47 of reading data 
from and writing data in the external data memory through the data register (DR) 30. 

Referring to Fig. 3 showing the respective constructions of microinstructions of 32-bit width per word 

55 representing four groups of microinstructions of the digital signal processor DSSP1 of Fig. 1 , indicated at 50 
is a sequence instruction for controlling instruction processing steps, at 51 is a mode instruction for 
initializing and setting modes of the status register (SR) 17, the address computation unit (AAU) 12 and the 
DMA control unit 19. at 52 is an operation instruction maintv for controllino the operation of the floatino-ooint 
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arithmetic .ogica, operation unit (FALU) 28 

floating-point arithmetic logical operation unit (FALU) 28, and at 53 is a ioaa .ru>u 

„ n UriT P-Bus e »d lh» D-Bus 8 «n> provided MMduaiy. The OTteMon °l «» 

of data set in the register by the preceding microinstruction. Such a mode of operation is called as 

noi o<i hv the orecedina microinstruction, and the contents of the r is teicnea »y u«? •» 
Z mlcSriS ISn the results of muitipdcation. White the contents of the P 25 is being etehe* 
SfdTta to Md by the DPO 22. DPI 23 and the P 25. Accordingly, one mu.tpl.cat.on operatoon formeriy 
Z'Z miLnstru<*ons for data input, multiplication and data output can be earned out by one 
microinstruction when the process is executed continuously. 

calculated by using an expression: 

N 

Z = (a- x b.) 
i=l 

where N is an integer not less than 1 (one), and a, and b, are input data In Jhis procejsor^ three 
^instructions foraying data to the DPO 22 and DPI f^^^^^^o^ 
and for accumulating the results of multiplication set in the P 26 by the FALU 28 in the auou » 
o£a£ TonTZn of fte product-sum. Naturally, when the operation is carried out continuously one term of 
STrod^cS can be obtained for one microinstruction. Thus, to obtain one term of the P«*"*«™ 
Z«£S£**». two input data corresponding to ^ the input data , and b, = J^^J^J 
th« dpo 22 and the DP1 23 every one microinstruction. Accordingly, the 2P-RAM 21 is enab ea n »«w 
5. 1°^^ a bus is Jrovrted to transfer the data Jj* £^52 

22 and DP1 23 without using the D-Bus 8 to avoid bus contention in the D-Bus 8. The aau nas ouipu 
mU£ for se^v^rovid^g two address data among address data of W 

ARO 12 AR1 14 and AR2 15 mainly to address the input data of the 2P-RAM 21. The AAU 12 « *»* 
XfV m addresses simultaneously at the maximum only in generating presses for ttjetwc -input date 
Storeto from the 2P-RAM 21. and an address for one output data given through the DR 30 and Mfte AR 
-o 2 externa, data mem^ « ^in 9 ^^r^S 

ESSES - - - 15 - rr^r !°n 

slmpncr^nLThe AAU 12 te abte to perform address operation only in a 9-bit natural binary system, n 
sSng aT 2 -bit address in the externa, data memory, three bits for specifying a memory page are 

added to the nine bits to specify twelve bits. . oH flnalinn . 

^ the other hand, since the FMPL 24 and the FALU 28 execute operation ,n a normahzed floating 
DOin^ystem oTl2E6. all the data for the 2P-RAM 21. the DPO 22. the DPI 23. the ACCO 29 through ACC3 
2? the DR 30. the D-Bus 8 and B. 7 are of 1MR width, and hence the FALU 28 needs a soecia. operation 
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® Digital signal processor. 

® A digital signal processor of a simple circuit configuration capable of implementing arithmetic processes and 
interruption processes efficiently in a reduced number of steps at a high processing speed. The digital signal 
processor comprises instruction execution pipeline stages including a stage in which data is read from a data 
memory and the data is applied to an arithmetic unit; an arithmetic unit for the execution stage, including a 
barrel shifter, a multiplier and an arithmetic and logic unit, a normalizing barrel shifter, a round-off/accumulation 
adder, internal data memories and a DMA transfer bus for a write/accumulation stage, an address generating unit 
capable of parallel and two-dimensional generation of two inputs one output data memory addresses and a DMA 
control unit for controlling the two-dimensional data transfer through a DMA bus between the internal data 
memories and an external data memory for an instruction execution stage. 
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mode for calculating a special address initial value. Accordingly, the data representing the result of 
operation stored in the ARO 13, the AR1 14, the AR2 15, the AR 20 and the ACCO 29 through the ACC3 29 
are not compatible with those data. 

The DMA control unit 19 controls, independently of the microinstruction, full-duplex 2-channel data 

5 transfer between the serial I/O ports SI071 32 and SOO/1 32, and the external data memories through the f> 
Bus 8 and the AR 20 and DR 30. Therefore it is possible that the microinstruction operation controlled by 
the instruction decoder 5 and the internal resource contend with each other. 

To avoid the contention, the instruction decoder 5 is held inoperative for six machine cycles for every 
word to interrupt operation according to the microinstruction in transferring data by the DMA control unit 19. 

10 After all, the DSSP1 is capable of performing the following operations in parallel within one microin- 
struction in executing microinstructions. 

(1) The 9-bit address operation of three kinds at the maximum by the AAU 12. 

(2) The floating-point multiplication of 12E6 by the FMPL24. 

(3) The floating-point operation of 12E6 by the FALL) 28. 

75 (4) Data transfer through the D-Bus 8 and the DR 30 between the external memories. 

(5) DMA data transfer through the full-duplex 2-channel serial I/O ports S10/1 32 and SOO/1 32, D-Bus 8 
and the DR 30 between the external memories. 
The microinstruction execution timing of the DSSP1 will be described with reference to Fig. 2. The 
machine cycle 40 of the DSSP1 is divided into four phases of timing P0 through P3. The nominal machine 
20 cycle time is as high as 50 nsec. Accordingly, it is practically difficult to accomplish three operations, 
namely, reading a microinstruction from the instruction mask ROM 2, decoding the microinstruction by the 
instruction decoder 5 and execution of the instruction by the internal resources such as the FMPL 24 and 
the FALU 28, within one machine cycle. Accordingly, the three operations are divided into stages for each 
machine cycle to form a three-stage pipeline to enable high-speed operation. The following operations are 
25 performed in the stages of the three-stage pipeline. 

(1) Fetch stage 41: 

A microinstruction address is provided by the PC 1 , a microinstruction is read from the instruction mask 
30 ROM 2 and the microinstruction is set in the IR0 3. 

(2) Decode stage 42 and 43: 

The microinstruction is transferred from the IR0 3 to the IR1 4, the microinstruction is decoded by the 
35 instruction decoder 5, the program control mode is set, the microinstruction is transferred from trie IR0 3 to 
the P-Bus 6, and address operation of the AAU 12 through the AM 9 and the AD 10. 

(3) Execution stage 44, 45, 46 and 47: 

40 Operation of data by the FMPL 24 and FALU 28, data transfer through the D-Bus 8, and access to the 
external data memories through the AR 20 and the DR 30. 

Thus, the DSSP1 needs three machine cycles to execute one microinstruction. This processor executes 
one microinstruction equivalently by the pipeline method. Accordingly, the actual execution of the microin- 
struction is delayed by two machine cycles from the read of the microinstruction from the instruction mask 

45 ROM 2. To avoid the timing contention between the internal resources, the internal buses are divided into 
the P-Bus 6 and the D-Bus 8, and the instruction mask ROM 2 and the 2P-RAM 21 are separated. However, 
since a branch instruction is executed actually in the decode stage [article (2)], the microinstruction being 
set in the IRQ 3 is executed in the decode stage. That is, an instruction succeeding a branch instruction is 
executed unconditionally. To avoid such unconditional execution of instructions, the DSSP/1 changes the 

so instruction succeeding the branch instruction automatically into a no-operation instruction (NOP) during the 
execution of the branch instruction. Such a function is aimed at simplifying microinstruction description, 
however, one machine cycle is wasted in the branching operation and two machine cycles are wasted in 
indirect branching operation using the D-Bus 8. Generally, no problem arises in about 80% of unconditional 
branching operations even if the succeeding instruction is executed when the sequence of instruction 

55 description is arranged properly and hence loss of machine cycles can be avoided. However, the DSSP1 is 
unable to avoid the loss ot machine cycles. 

The microinstruction set of the DSSP1 will be described hereinafter with reference to Fig. 3. A 
microinstruction set includes only four instructions, namely, a sequence instruction, a. mode instruction, an 



EP 0 554 917 A2 



following instructions. 

(1) Absolute value instruction: |X| 

(2) Signum function instruction: Sign (Y)*X 
<3) Addition instruction: X + Y 

ts (4) Subtraction instruction: X - Y 

(5) Maximum value instruction: MAX (X, Y) 

(6) Minimum value instruction: MIN (X, Y) 

(7) Ftxed-torfloating translation instruction: FLT (X) 

(8) Floating-to-fixed translation instruction: FIX (X) 
20 (9) Shift instruction: R1, LI to L8 

(10) Logic instruction: AND, OR, EOR, NOT 

(11) Mantissa addition instruction: X M + Y M 

" "Tf'Srt^n^'^l is that bits ar. always .uncaW * ~™>alizlna (.oaUng-poM «tt 

""I fel fXefprobiern In the DSSP1 that operation capabte o, ^fP^^ e ^^ R ^ 
« product-sum operation. Such a limitation to the mode of operation « not a P-**™*?* ™» 

SoweSr, theVacent signal processing algorithm requires for operate V^^J^*^^ 
approximation of vectors X and ff , i*. distance calculation, such as expressed by the fo.tow.ng expres 
sions to be carried out at a high processing speed. 
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ABSTRACT: 

PURPOSE: To generate a PWM signal of high resolution without 
using a high 

frequency clock neither a long bit length counter by subjecting 
the resolution 

of a PWM signal generating means of low resolution to pulse 
width modulation 

furthermore in the period of PWM command data generation. 



CONSTITUTION: The clock pulse from a clock pulse generator 
is counted by a 

counter 2, and the counted value of the counter 2 and PWM 
command data 

D<SB>K/SB> are compared with each other by a digital 
comparators. Output 

pulses of the counter 2 are counted by a counter 4, and the 
counted value of 

the counter 4 and PWM command data D<SB>2</SB> are 
compared with each other by 

a digital comparator 5. Outputs of these digital comparators 3 
and 5 are 

processed by a NOR gate 7 and a D type flip flop 6, and a PWM 
signal where the 

resolution off the PWM signal outputted from the digital 
comparator 3 is 
enhanced is outputted. 

COPYRIGHT: (C)1989,JPO&Japio 



r%~7 rr\r\ /-ir\m »-* « — - 



© h * m & & jt (j p) © n ¥f m m a 
&&&&&&& (a) PS64-37124 

©Int. CI. ♦ 8ttll!B# frrt§a§# 06*064^(1989) 2 7 B 
H 03 M 1/82 6832- 5 J 
H 03 K 7/10 7328- 5 J 
«3fcHP» jfcig* %BJ<Qg 1 (j8I) 

©ass*)** '<*xttKNft9&&§Mi 

©4$ SB PS62- 192570 
©ffi iS 0862(1987) 8 ^33 

&^B£ffi^lPr4026#*!j &^#ttB:£SM'F/jfB:&W 

K%mB5zm^BBT4026S«! ^^BUM^Bsm 

#1* 





BJ 


* 




IR - 


®s& 


BJ 




. as a 


IE ft 




BJ 


% 






®£ 






^ ffi # 




@t±5 


p 


A 






3 


A 







91 ff 

1 . S&!PI©«& 

/Oi'X«ftHft'»»*fe38!B 

2. l^^tt^coflSBB 

^x*iifc*f*^sg i ©/ou**gftHm*i£&& 

oa** ft HIS* * K**jfck/c/<;u;**3 
ifc*#5. I ©/^u**lftHfc^<fc 

2 ©/</p^^ftHfg^%^¥ai*i(3r^x sua 

3. ft 91 OR IB ft 2)1 9) 



(Pulse Width Modulation . PJTPWMt 
tifatl/T, DA (Digital to Analog)ft 

teLfc/^atllfc© p wMistc^iftu *©p 
*. me 2 *?©#£© o p wMfg-^c^iftr 

aaac*it h ©is 



-125- 

07/09/2002, EAST version: 1.03.0002 



u*j $ y*-C8t#l^ *©2tJEfefl<t 

©J3ft»* f .ft* 

®M&tf$LlLt Z . f e « - 2 0 MH* . 

f. -20 KH, ttlt. Nc - l 0 0 0 t tt 
*. £©#?«:. ^a8itt^}r-^fl)^ 

jKiiBti. i / i o o o -cab *) **»4ft* £ ux^ 

1/5 0 0 C k & *t ^ ^ ^ * . 

p w m & ^ c <*; * m ?s a$ # x - * © # » «s * ft -t 
^ n y f ©R0&3S f c«£fc < 



#R)B364-37124 (2) 

^ d -y £ a>x ©JSf&Jft r cn^i^ < *f * £ £ # 

eo- 1 9 0 0 2 9 #^ia^cSJ«$tt^Hfe^ 
lifitt £ 8 #J»te © p w m ts;^ c «fc 4 M«l tB ^ * 

*i§S < -r 4 i < v p WMM©#TBt8** < 
tict^-e^itv^^l^tfti^s 20© 

ft M & « * £ ^ ? HH A*** ^ * • 



%4n8ffl-t »>ft^WH"C P WM*4toS5 2 © P vr 

trfcfcT& l © P wi*©*©/** • 2 

©P W II 2 ® P WM ^° 

# ft? & fc' £ <fc £ * * <fc * £ * * - * c * * & * 

& l ©p WMfe^B&^&ti. pwmIS-^^- 

pwMi&f^Mts. cnctti^ 5»2©PW 

p wMfs#*^¥a©m i © p wM(t»0H»o 
R«©»irep'wMRBi-r*. ^ 3lZ(DPWM 

©P WM'Httt* 1*? 

mi©PWMfe^fcU ffiSB1&2 © P WM»*»4 
*&©3&2 © P WMMCi^T, *©/</ux 



^ 2 © PWMMU4fa*»&©* 2 © P WMS 

«WttAn.x«Jfctt^ 'ftifi® 2 OOP WMS*» 
^^a©5S^f4 p WMft^©^»?t6«>«^ ^ T 

#ma"*n*. pwMft-^©ig^tt^ 

^ 1 © PWMlSt^f8CJ:4l5l»I1!*^ C 
©3P1 (DPWMW^SCAi^l ©PWM 

*%^-r * c <t a<t * * • 

m i ®tt*%w©-ie»«ofli«ia- *2"att 
■e©aft^*a^r suae**** 

i tt-^ n -y^/<*"x»*B* 2. 4ttHy 



-126- 



07/09/2002, EAST Version: 1.03.0002 



£23 1 o •;/ £ 1 £ © ? o 

iKA^^ 2 0StStH<!:&&;**l*3$ iopwm 
IS^x-* Di .fc*jt«-r4r-r 3 

2 ®ftX'<>uz%ttftLm&'®®*&&£ 
fl^<»H7 & y * 4 

©state nam 2 © p wM»*f d, 

*xM ^^A/ltUSS U *> fi5c ^ 2 
©PWMfS^&&^©. ^l©PWMg^lfe4¥ 
ft* P WMiS^CilLs 9*V9* 
l J51&H#©i!IJS* * Di7 '17/7 0 

'yryi&a&m&AcDmmz* &2©pwMfc# 

©®tt££2ia (A) -$2i (F) c^rizift 
* V 9 2 tt . 2 a y ^ /* )V X &$L& 1 * b © 



?SI3flB 64 -37124 (3) 
3320 (A) «:itJ;-j/i^D7^A*;i/xcLK 
^Sta-T*. *©st«&C, tt. 3I2BMB) K 
J: -5 *. * 0 y 9 2 ©3t Htl5)?JTi 

m-^ c o t sua * +i * fcfciaig a c #g a * tt 

"> y * 2 . ^D7^<^XCLK* O^^N, 
- 1 * TStft * y ^ 2 ©2t»JS«flT, 

iztlbfttitt^ £ft<t> <k ? o y ? /*/i'*ffliJTc 

T § - N i • Tti (I) 

x /HfctgS 3 tt* C ©* V 9 2 ©gfjtt 

&C» i!F,l©PWM!^f-;D, £*H;€tC 
312 0 CO C^-T «fc "5 1 © P W Mlt^ S , 

c©i5iopwM^ts, ©jg»» 

r, w:. * •> y ^ 2 ©gfttlS&a i /t, t^L 
<v <£©#»&«:. 1/n, c© & 1 © 

PWMfe^S, ©#a?&fct. 

d, a:. r*##fig*ir-r *m*x ^*© 



* o y 4 ti. pSr>>y^2©iraMfl&© 
-e©3t»iec« $21 (d> 
c^tioclltri, * y ^ 4 ©It&jgjyiTx 

-Ut^lkUfciis y * 4 ©tt»E*liT* 

Tj" Nt • Ti - Ni ' Ni * Tti 12) 

il*5^tl4. rM ->'^/l/Jfcta» 5 tt. C©* ■> 
y^4©St»f®Cx £f& 2 © P WMj&^f - * D, 
*ltt$Uv $21 ( B) CtkT£ 7«$2©PW 
Mfc^S, ££&T*. d ©m 2 © P WMfg^ S , 

JS»JJT* ©RSRil©^* L,T 1 / N, ©#« 

fig^^rt. m 1 © p wMfe^s, ©jgijiT, om 

RH C is V * * AS ft ft % W iB * IBJ Jb $ it Z A: V> © ^ 
^Hfe-^i LTffl^ C©«^©^2©PW 



£*i/c#»&©P WMf*^-^^A4A:«)©2g 1 © 
PWMlS^x-^Di C©^L©PWMfS^ 
x-^D, tCi:^>Tll 1 © P WM 

S^W^^f*^26©iq^x-^iUT©^2© 

pwMis^f-^D, ic^^^nx. x-r^^ 
©PWMiS^S. ©AT *) 1 ^ a v 9 

S7'J 7 7*7n>r6©Da3l^K:A^^n4f5l 

©PWMfe^s, ©*s^u-<;Mix CPiS^cA 

|7'J7r7n7r6C77f $*ls l^ay^ 

m 1 © P WMIH S 1 A< • 1 ' U^JUt 
K-otz £Z . IBC, QdS^©^^^ • 1 

^ r 7 a r © p *s c .6 m«s ^ tl T ^ i . 



-127- 



07/09/2002, EAST version: 1.03.0002 



&i©PWMfS^S. ©£T*)»*&* I * D 7 

^/<n/^jg*jfe*itffli$*-fr*^«>> n o r y — h 

Dg7 ») ^ 77 o 7 7 6 © Cft^ ©^ 'J 

7«jiB*<ttt*r. ^i©pwMis^s, *© 

Mffi^S, 0 ' tfcfttfs NORy- h 7© 

o 6 ©caa?©^ 'i mis*?© < & * 

©PWMtS^S, tt. *04T9^HtJ7^i! 

r 6©aaSiPJ;»>ia;*)<*n*. f®*^^* 2 
©pwMfS^s. ©(S^k: 1 ©pwm« 



l/N,-T,/T«-l/20 

JSIDJT,(- ©&I8I© P WMiS^ S » 

0^^fttt^»f|g 1 /Nc tt* 

1 / N e - 1 / (N.*N»>*t/500 0 
9 o 7 * /N'n/^IHifttt^ 5 M H * 

ti£^j3&&TSi#^c t>A^fc&i*- pwm 
m^s, ^*t>* ^©pw 

Mte*S, ©JSfc»f. 2 0 KH z 

«< . £©PWMf3*S, fcRCSfc© 

©T^ ffl*BT«<- lis) H© 3 F^<!:LT. 
fc*!fe91©^Jfctf«K**-W^ A^jafca©* o 7 



#830364-37124 (4) 
^s, ©/^/u*«* I * o -y ^iuxHffltfffJflS 

©pwMfc^s. ©#*?(£*££ 1 /N. 
^tePWMiS^S, tt. Da7')'7r7D7r 

6 ©aas 1 ?^^® 20 (f) 

gsi0PWMi&f s, ©^»?bE*i/n. . 

&2©PWMfc?S« ©#f»tfe* 1 /Ni it* 
ftHMC^^tl^ P WMUfS, ©#«?&!/ 

I /Ne- 1 / ( N i * N ») : 

£©PWM{t#S, ©Jflftftf . tt* & 
1 ©PWMfI^©ffltt» f i 

N, - 256* X, -20KH*.&2OPWM 
fg^©fg«|T, MwitU, *n 

f„»N,' f , * 5 M H x 
i/X*)v * fc* 8 2 © P WMiSf(0^iiS 1 / N« 

©^^f a ? 
m30tt*%«©m2©^ttw®»^0^ 

0tt*©ttft*tt#*r*fc#ia?**. 

■>y*. 10tt7l7r7n97 , t*H.II«» 

71 OtfiiJD ******* 5Siac*tlE^© 
ftiA tfflilt* * A*- *©{h©mi£«:B — 

■7>f ^o/D*7*8ttv (A> C^T 

jgjWTe ©*!8iiJi»:J3»!*&'^ c <z>*98ii»»J9 
i«!©*4 5 v^ftc. m i *A±H 
— ©& 1 2 © P WM ^ D ., D i 



-128- 



07/09/2002, EAST version: 1.03.0002 



£f*. & I ©li^te^tc J: t © P WMiS^ 
S, t^itf 4^d7^a';^%4J| l, a $ y 
^ 2 , rM >* ^ /Utfc^B 3<**>/£*3Sl©PWM 

Mfe^S, #3MI3 (B) . (C) C?*i*tlT* 
*K CtlfcU (B) ..(C) 0 >3 £ <*: - 

*&fflffl&gft£l!5e& 2 ©P WMl&^x-* D i 

j^rn^n*^ ^«>y*^y^9«:. *©& 
* $ y * 2 ©sta^na^tc. r>n:'n?<ifei§ 

$ y * 0 y ^ 9 ©st »©«*rt<m 4 a (D) iztk 

ra-b*y^8©^iiasiKjg»BTeSc-b^h$n. 



I / Nt° 1 / (Ni • Ni) 

CCT, l/N, i © P WMfg^© 

#A?fi£. l/N, aMfflttttHgRTc t*j©mi© 
P WMfe^XkajgSt* TttfcB. &2©PWMfS 

S . ©RJ«B*T , &-r*i«* 

1 / N»*T(/Tc 

£^T. Witf x T e - I »$v f . - 
l/T, - 2 0 K H z trtltf, N, «=20£tt 

ri*flSW©*&£.kH»C. 3& t © P WMfe^S, 
©JSJ«JiTc (- T,)cDjWBac4f »t 4^J^Wtt7>» 

iR^u/c*^^©m 2 ©£&ftc*ntf . m 2 

OPWMfl^Si ©l5]JlB^^>f5fo7*D-fe^^8 
© P W M IS^f - 9 £&J5!?JlTc 
t^T'i*Ot,'3S2©PWM|SfS, © si T « 



#SjB3 64-37121 (5) 

wmis^s, ^$41 (e> iztrt «fc 9 cas^-r 

r/it>-5v 3 0t:it*%9l©$ 2 aUtt 

UJ: *3 35 2 © PWM^^IE4fa^lR?tit 

D|7 , l7r7n7r6tNORy-HiC 
£*gi&4<. 3* 2 © P WMfc^S , CS^^t, 
$10PWM|Sf S, 1 ? a *;/ 

C £ lis & I Ott® 

*»K -fr ©aj^J© P WMff S , 4 ES3 < P ) 

C0#2©ISfc0ftt. & 4EI©*&ttil*#*£i8 
&>«J:H» 35 2 © P WMff S » ©I5HBT, 
•? 4 0 a T a -fe *V * 8 © P WMlS^JsUUK *" 
fcfc>5$95<S#jgJt8Tc i^-SLT*!), C© 
1 ffi*n?Jrt<D& 1 © P WM^S , »2fl) 

c© i «»ng«»rt-c^^McK^»?5B^Lfc p w 



cncJ;Dx N» -T t /T. ©IS* 

<fc*)jaj^W8g©f5^K:r^c:i^T»4. 

355I3fct*:&9l©353 <D£tkM**'f t*AI3K 
35 6 0li*©*Jift*&BJir *&#EIT**. 3P5 5 
0C 9 3 @©**&<!;|il-T&*. 

*39&fe^<fc Ltffl^i *>©?* »> s 353 
0CitDS7'J7r7D7r6v N O R y - h 

7&tf7')7r7D7n o©rasg^-7-<^nr 

o-fe *y * 8 tcff 4 <fc 9 *IT^« . 35 

60(A). (B). CO". (E) K^fC© 

3Stefl©f&ftftffm. 35 4 E (a). ( b ) , (o , 

( P ) Vl7Kt$lfttiL&£m~-C*> *) . $61 (D) 
Ca?rtti&&9 ! NTii. ? 0 ft y ? $ #r 
y^--7a-U^:«i:^©#D-fs^T*4. 
C ©Hife^tC *> lti7^Drot7H'8ttx 



-129- 



07/09/2002, EAST version: 1.03.0002 



i7C«»;*)fTOTl>fcs 3*1 <DPWMfS^<D;£T 

c-*/Hfc&8 3^©&&«> »i. mi ©pwmJB 
$ y * ■> y * 9 #actt Dt *^*y**vH,, 



p'WM(^^t:i;i{H *r X K £ # T tt . 

*0ttft*&pji * *&bbu m3Hti*^^©m 

I - 0 a *y ^ '<JI'7t£&8* 2- 4 * ^ 

y*. 3 . 5 r 4 JUfcf&S* 6 D 59 

7'J ■;r7a77', 7 NOR!r' - K 8 



Vm 64-37124 (6) 
BiaBBM*** MWPWMmM 

iia&om i ~m3©*%9J©iittflfct* pwm 

M m * 7 - 9 * ft 13 £ "C 55 C * * * *8 K ffl t * 



tOnro^ns 9 y * 0 y * v 10 

-7 *j?r7o t* 



-130- 



07/09/2002, EAST version: 1.03.0002 



#130364-37124 (7) 




CO 



ID- 



o 

CL 



co 




GO 



□ A 

□ * 

fy ^ 



i& 4 m 



Tc 



(A) 



«=> itiJirLrinj^^ 
™ jthh^LL": ifcx. 



<» '_f 



-S2 



Tck Tck Tex 



(F) 



ijinrtRTLnii 



-131- 

07/09/2002, EAST Version: 1.03.0002 



*HS|Ba 64-37124 (8) 



«50 




% 6 H 

— Tc 1 




-132- 



07/09/2002. EAST version: 1.03.0002 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□/LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXfflBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ADED TEXT OR DRAWING 



THIS PAGE BLANK (uspto) 



